SUMMARY: The Estero de Urías coastal lagoon is subjected to several anthropogenic activities and has been characterized since 1997 through the study of benthic fauna. We analyzed the spatial and temporal distribution of annelids and their relationships with environmental variables (depth, sediment temperature, grain size and organic matter) in order to determine the current degree of perturbation. Density, species richness, diversity, dominance, biomass, and the application of classification and ordination techniques allowed us to distinguish 5 zones: 1) a non-perturbed zone at the mouth of the lagoon, 2) a slightly perturbed zone surrounded by mangroves and shrimp farms, 3) a temporarily perturbed zone close to the effluent of the thermoelectric plant, 4) a perturbed zone in front of the slaughterhouse and fish factory, and 5) a very perturbed zone subjected to sewage and industrial input. Only minor changes in granulometry and faunal composition were observed in comparison with previous data from the same area, suggesting that the lagoon is still perturbed due to the effect of anthropogenic activities.
INTRODUCTION
Human activities in coastal areas can cause disturbances that affect shallow-water benthic communities. One of the most universal pollutants in highly polluted areas is organic matter coming from sewage outfalls, which produces organic enrichment of sediments. This may induce changes in the number of species, abundance, and biomass of benthic communities that may be the first indications of environmental impact. Some r-strategist or opportunistic species with short life cycles, high reproductive rates and high mortality are good indicators of marine pollution. The spatial distribution of these organisms along enrichment gradients may show different sensitivities, allowing us to identify different kinds of bottom subjected to different degrees of disturbance (Hily and Glémarec, 1990; Pearson and Rosenberg, 1978; Tsutsumi, 1990) .
Polychaetes are excellent indicators of organic pollution due to their high abundance and sensitivity to different amounts of organic matter in sediments. They can be found at all latitudes and depths and can account for up to 40% of the number of species and individuals in soft-bottom benthic communities (Fauchald, 1977) . Some detritivorous polychaetes belonging to the families Capitellidae (especially the Capitella capi tata species complex), Spionidae and Cirratulidae have been catalogued as indicators of different degrees of pollution due to their strong dominance in perturbed environments, caused mainly by urban sewage (Hily and Glémarec, 1990; Olsgard and Somerfield, 2000; Pearson and Rosenberg, 1978) .
The estuarine oligochaetes Limnodrilus hoffmeis teri and Tubifex tubifex have been described as good organic pollution indicators due to their high dominance in enriched sediments (Arimoro et al., 2007; Gamito, 2008) . These bottoms are covered by bacterial and fungal layers which constitute the main food source for oligochaetes (Rueda et al., 2003) .
The Estero de Urías coastal lagoon offers good examples of the coexistence of different sources of disturbance produced by anthropogenic activities, like shrimp farms, a thermoelectric plant, a slaughterhouse, a fish processing factory, a harbour and urban sewage. Characterizations of this ecosystem based on benthic faunal communities inhabiting soft-bottoms are scarce. Méndez (2002) characterized the lagoon through the study of annelids collected during 1997. This author confirmed the results related to organic pollution obtained by Álvarez-León (1980) with coastal vegetation and benthic flora and fauna, and by Ochoa-Izaguirre et al. (2002) with macroalgae. Later, other characterizations of the lagoon were performed with benthic copepods collected in 2001 ) and 2005 (Morales-Serna, 2006 . Those studies showed that the 120-ha Clementina shrimp farm had negative effects on macro and meiofauna. It is now known that this shrimp farm (currently called "Don Jorge") has been extended to about 244.3 ha and there are other smaller farms with a direct influence on the lagoon (María Ana Tovar, pers. comm.). In order to detect possible changes occurring over time due to these new anthropogenic activities, in this study Estero de Urías was characterized on the basis of the spatial and temporal variations of annelids through their relationship with environmental variables.
MATERIALS AND METHODS

Study area
Estero de Urías coastal lagoon (23º09′ and 23º12′N, and 106º18′ and 106º25′W) is located in the state of Sinaloa, along the southeast coast of the Gulf of California, near Mazatlán city. It has a permanent communication with the sea and is almost parallel to the coastline. It is a shallow and brackish lagoon with an intense vertical water mixture (Salgado-Barragán et al., 2004) . Its depth ranges from 1 to 3 m, except in the navigation channel, where it can reach 12 m, and it has a surface area of 18 km 2 and a length of 17 km (Montaño-Ley, 1985) . The climate is tropical/subtropical, with two contrasting seasons: rainy (July-October) and dry (November-June). The average annual temperature is 25°C and the average annual rainfall 800 mm (Ochoa-Izaguirre et al., 2002) .
Sampling stations were selected according to the previous characterization of annelid assemblages in the area provided by Méndez (2002) . In total, six stations located close to the anthropogenic effluents were sampled along the lagoon (Fig. 1) . The upper part of the lagoon is fringed by mangrove trees and receives the shrimp effluents from the Don Jorge shrimp farm (station 1) and about 13 smaller farms, of which two seem to have the greatest influence on the lagoon (station 2). The other anthropogenic influences are the José Aceves Pozos thermoelectric plant, which discharges hot water into the lagoon (station 3), a fish processing factory and a slaughterhouse (station 4), the urban sewage input of the "Infiernillo" stream (station 5), and the Mazatlán Harbour and fishing fleet, which receives the influence of marine water (station 6).
Sampling and laboratory work
Sampling was performed during the dry (February) and rainy (August) seasons in 2008. Samples of sediment were collected with a 26.5×12.5 cm van Veen grab (three replicates; 0.1 m 2 total area) and sieved through a 0.5 mm mesh. The retained material was fixed with a 4% formaldehyde solution and preserved with 70% ethanol (Hobson and Banse, 1981) . Annelids were sorted, counted and identified according to Blake and Ruff (2007) , Fauchald (1977) , Hartman (1968 Hartman ( , 1969 , Hernández-Alcántara (1992), Kudenov (1980) , Salazar-Vallejo and Londoño-Mesa (2004) and TovarHernández (2007) . Mean biomass per station was expressed as g dry weight/m 2 , which was calculated through the wet weight multiplied by the correction factors 0.088 (February) and 0.065 (August). These factors were calculated through the weight of two ad- ditional organism samples (wet weight) collected in the two sample periods, which were dried in the stove (60ºC for 24 h) to record the dry weight (Brown, 1991) . The correction factor was calculated through the relationship between the dry and wet weights.
Additional sediment samples were collected for sediment analyses (one sample per station). Organic matter percentages in sediments were obtained following the ignition loss method (Dean, 1974) . According to Folk (1965) , about 200 g of sediments were sieved through a 2-mm mesh (to separate gravel from sand) and a 0.0625-mm mesh (to separate sand from mud), and grain size was expressed as percentages of each fraction. Sediment temperature was measured with a digital CE model KM43F thermometer.
Data analyses
Shannon diversity (H') (Shannon and Wiener, 1963) , evenness (J') (Pielou, 1969) , species richness (S), dominance (Simpson, 1949) and mean density were calculated with the PRIMER 6.0 program. Dominant taxa were obtained according to the formula MD=(n i /N)×100, where MD is the mean dominance index (Picard, 1965) for species i; n i , the number of individuals belonging to species i; and N, the total number of individuals belonging to all the species. Taxa were considered dominant when MD≥1%. The similarities among stations were established by cluster analysis (Bray-Curtis index; group average link; PRIMER 6.0 program), using the mean densities of taxa transformed to fourth root to avoid the effect of rare or very abundant taxa (Field et al., 1982) . A SIMPER analysis was used to determine the contributions of each species to the Bray-Curtis similarity within each group of stations obtained in the dendrograms.
The spatial variability of the biotic variables was studied through the differences among stations (each biotic variable vs. stations) with one-way ANOVAs or Kruskal-Wallis tests, depending on normality and homoscedasticity of data (SigmaStat 3.0 program). Also, a multiple comparisons test was applied using pairs of stations (Holm-Sidak or Dunn's, when the assumptions mentioned above were fulfilled) to determine the stations that had the maximal difference for each parameter. Temporal variations of the biotic and environmental variables were determined through the t test using the same statistical program.
In order to determine the main factors influencing annelid assemblages, a canonical correspondence analysis was performed (MVSP 3.1 program). The biotic variables were the mean densities of the dominant taxa for each sampling period, while the environmental variables were depth, sediment temperature, organic matter content and percentages of mud, sand and gravel.
RESULTS
Results of the measured environmental variables are shown in Table 1 . Sediment temperature was the only abiotic parameter that showed significant differences between February and August (t= -10,731; n=12; P<0.001).
Fifty-eight taxa (polychaetes and oligochaetes) were identified during the whole study. We counted and identified a total of 2719 individuals distributed in 50 taxa in February and 1320 individuals distributed in 35 taxa in August (Table 2 ). Taxonomic observations concerning Polychaeta are contained in .
Clear associations between stations 2 and 6 and stations 1 and 4 were observed during the two sampling periods in the cluster analysis (Fig. 2) . Station 5 was always completely separated from these groups, whereas only station 3 showed a different association pattern during the two sampling periods. In February, station 5 formed group A, with 59.68% of average similarity (SIMPER analysis), which was represented mainly by Oligochaeta sp.2 (contribution of 100%). The average Bray-Curtis similarity between sites of group B (stations 2 and 6) was 50.69%, and was made up mainly of contributions of Mediomastus ambiseta (17.54%), Caulleriella pacifica (15.23%), Scoletoma luti (12.61%), and Aricidea catherinae (10.21%), with a cumulative percentage of about 56% of the total similarity. For group C (stations 1, 3 and 4), the average similarity was 41.51% and the main species were Capitella sp. (34.58%), Nereis procera (11.82%), Prionospio heterobranchia (10.97%), Streblospio benedicti (10.46%), and Mediomastus californiensis (8.58%), with a cumulative contribution of 76.42%. In August, group D (stations 3 and 5) with 28.02% of average similarity was represented by N. procera, with a 100% contribution. The average similarity of group E (stations 2 and 6) was 50.53% and the typical species were M. ambiseta (16.59%), C. pacifica (16.10%), P. Table 3 . Temporal variations tested for these parameters showed no significant differences in February compared with August, except for density (t=267,500, n=36, P=0.040). The spatial variations of each biological parameter indicated significant differences for density, species richness, diversity and biomass values at the different stations throughout the study and for dominance only in February (Table 4) . Moreover, multiple comparisons tests showed that stations 2 and 5 showed the maximal differences in density in February (P<0.001) and stations 1 and 3 in August (P<0.05). Stations 4 and 5 showed the maximal differences in biomass in both sampling periods (P<0.001 and P<0.05 in February and August, respectively). Finally, stations 5 and 6 showed the maximal differences in species richness, diversity and dominance in February (P<0.05, P<0.001 and P<0.001, respectively), while stations 3 and 6 showed maximal differences in species richness and diversity in August (P<0.001 and P<0.05, respectively).
Results of the mean dominance index indicated that 20 taxa were dominant during the two sampling periods. They are listed in the Figure 3 legend, which corresponds to the canonical analysis diagram representing 
DISCUSSION
Results obtained in this study allowed us to characterize the Estero de Urías coastal lagoon through the analyses of the relationships between environmental variables and annelid fauna. Five zones with different pollution degrees located close to areas with anthropogenic activities were distinguished: 1) A non-perturbed zone located close to the mouth of the lagoon (station 6), with low percentages of organic matter (1.9 and 4.0%), the highest diversity (2.2 and 2.3) and species richness recorded (13 and 18 taxa), the lowest dominance (0.1%), and intermediate biomass values (0.4 g/m 2 ). This zone has a strong marine influence as a result of the currents produced at the mouth, which allow the mixture of estuarine and marine species. Previous data concerning annelids in this area (Méndez, 2002) are consistent with results found here. Morales-Serna (2006) described this zone as slightly perturbed because of the presence of sandy sediments with low organic matter content, high diversity and a lack of dominant copepod species.
2) A slightly perturbed zone, mainly surrounded by mangrove trees and comprising station 1 (receiving the effluents of the Don Jorge shrimp farm) and station 2 (receiving the effluents from the Crustáceos de El Castillo S.A. de C.V. shrimp farm and the Raúl Cárdenas Velarde shrimp farm). It has intermediate organic matter contents ranging from 1.2% and 10.9%, diversity ranging from 1.5 to 1.9, biomass from 0.3 to 1.1 g/m 2 , low dominance (0.2-0.3%) and 6 to 17 taxa. Comparisons with previous studies have shown that this zone has changed during the last 11 years. Taking into account data of samples collected in 1997, Mén-dez (2002) catalogued the zone close to the Don Jorge shrimp farm (station 1) as a polluted zone, with the dominance of S. benedicti and oligochaetes. However, those taxa are less dominant nowadays so this zone is now catalogued as slightly polluted.
In 1997, station 2 was catalogued as an unpolluted zone because of the high diversity of annelids and the lack of dominance of any species (Méndez, 2002) . Although this station showed low dominance and a high number of taxa, diversity values and organic matter contents indicate some enrichment of sediments. This is probably due to the effect produced by the effluents from the new shrimp farms that have been set up in this area. On the other hand, the study performed by Morales-Serna (2006) with samples of copepods collected in 2005 indicated that this zone was also slightly polluted due to the intermediate organic carbon contents in the sand-muddy sediments, high diversity and lack of dominance of any copepod species.
3) A temporary perturbed zone located in front of the input of hot water from the José Aceves Pozos thermoelectric plant (station 3). In February this area was characterized as a non-perturbed zone because it showed intermediate values of the biological and environmental variables. On the other hand, the extremely low biological values in August, with the dominance of N. procera and S. luti, may be the reflection of the high temperature effect (the mixture of the seasonal effect and that produced by the plant), indicating that this is a perturbed zone. According to Pearson and Rosenberg (1978) , high temperatures lead to an increase in the organic matter degradation rate, with the consumption of oxygen, thus negatively affecting the survival of most species. In addition, the differences in sediment granulometry between the two sampling periods and the higher organic matter detected in August indicate that it is a temporarily perturbed zone. Compared with previous annelid data (Méndez, 2002) , this zone has changed considerably, because in 1997 organic matter ranged from 8.335 to 10.95% and Capitella sp. was dominant, so it was catalogued as a polluted zone. In 2001 found sandy sediments with low organic matter content, with the highest copepod density and only two species in August. Morales-Serna (2006) described this zone as slightly polluted because of the presence of sand-muddy sediments, with intermediate contents or organic carbon, high diversity and a lack of dominance of any copepod species. This data compilation suggests that the non-controlled input from the thermoelectric plant induces changes in the type of sediment and benthic fauna over time, indicating that this is an unstable zone. 4) A perturbed zone located in front of the slaughterhouse and the fish processing factory (station 4), with high contents of organic matter (12.5 and 12.9%) and biomass (0.8 and 1.8 g/m 2 ), and intermediate diversity (1.1 and 1.4), species richness (6 and 8 taxa) and dominance (0.3 and 0.5%). Dominant taxa in the study were (in decreasing order) Oligochaeta sp. 1, O. puerilis, N. procera, S. benedicti, Capitella sp., and Oligochaeta sp. 3. In 1997 this zone was described as very polluted (Méndez, 2002) due to the complete absence of macrofauna and the fact that organic matter reached 11.5%. The copepod studies indicated that in 2001, 2002 and 2005 this zone showed a similar pattern, and it was thus also classified as a very polluted zone by MoralesSerna et al. (2006) and Morales-Serna (2006) . This is the first report of annelids in this zone, showing densities of 27 364 ind/m 2 . Most of these dominant taxa have been previously described as organic matter indicators: for example Capitella sp. and S. benedicti by Pearson and Rosenberg (1978) , Oligochaeta by Arimoro et al. (2007) and Gamito (2008) , and the genus Ophryotro cha by Ros and Cardell (1995) . 5) A very perturbed zone located in front of the Infiernillo stream with the influence of urban and industrial input (station 5), with the highest organic matter percentage (15.2%) and dominance (0.9%), and very low values of diversity (0.2 and 0.3), species richness (2) and biomass (0.1 g/m 2 ). Sediments with organic matter contents higher than 15% have been catalogued as typical of impacted areas (López-Jamar, 1981) . The sediment enrichment process occurs because muddy sediments allow the adhesion of organic particles because of the higher surface/volume relationship (Lamberson et al., 1992) . This fact explains the strong enrichment in front of this stream in the study area. The dominant taxa are Oligochaeta sp. 2, N. procera, Oligochaeta sp. 1, P. pinnata y C. pacifica, most of them previously catalogued as typical species inhabiting polluted environments (Hily and Glémarec, 1990; Pearson and Rosenberg, 1978) . In 1997 this zone was considered a polluted zone characterized by the sporadic presence of oligochaetes, with organic matter reaching 10.95% (Méndez, 2002) . Results from Morales-Serna et al. (2006) and Morales-Serna (2006) are coincident with data reported here, since they characterized this zone as very perturbed because of the presence of muddy and enriched sediments and low values of copepod density, diversity and species richness.
The spatial and temporal distribution patterns of annelids observed in this study confirm the utility of some polychaete species and oligochaetes as indicators to characterize perturbed zones in areas subjected to anthropogenic development. The importance of polychaetes in perturbed zones has been previously demonstrated at several localities around the world by Reish (1959) in California, USA, Bellan (1967 a, b) in Marseille, France, López-Jamar (1981) in northern Spain, Hily and Glémarec (1990) in Brest, France, Tsutsumi (1990) in Japan, Ros and Cardell (1992) and Méndez et al. (1998) in Barcelona, Spain, Mackie et al. (1997) in Ireland, Borja et al. (2000) in several European localities, Elías et al. (2006) in Mar del Plata, Argentina, and in Patagonia, Argentina. These authors have characterized zones impacted by urban and industrial wastes through the study of indicator polychaete species.
Although few differences were observed after 11 years, this study confirms the fact that Estero de Urías lagoon, as a whole, is still perturbed due to the effect of the different industries and urban input which discharge their sewage into the lagoon. The highest impact is still located close to the factories and urban sewage, but the zone fringed by mangrove trees, which some years ago was not considerably impacted, is currently beginning to be affected, especially by the shrimp farms. Further studies in the lagoon are recommended in order to detect possible pollution sources.
